Early-stage Hodgkin's lymphoma which includes patients with Ann Arbor stages I or II, accounts for more than 50% of all cases of the illness and is curable in a high proportion of patients. Long-term follow-up has shown that the mortality in favorable-risk patients with early-stage Hodgkin's lymphoma is exceeded by other causes including secondary malignancies and cardiac disease. Over the decades the treatment paradigm in Hodgkin's lymphoma has evolved from extended field radiotherapy to combined modality therapy using involved field radiotherapy to using chemotherapy alone. The data on long-term complications from using low dose and limited field radiation therapy is still awaited since we know that most of the secondary malignancies occur late (ie, more than 10 years after the treatment). By changing the chemotherapy regimens from mechlorethamine, vincristine, procarbazine, prednisone (MOPP) to doxorubicin, bleomycin, vinblastine, and dacarbazine (ABVD) the incidence of infertility and leukemia has been reduced. Since the late toxicity was high with radiotherapy, recent studies have focused on using chemotherapy alone. The results of interim positron emission tomography (PET) scans after two cycles of chemotherapy are being tested to see whether minimizing therapy in rapidly-responding patients will still maintain excellent cure rates. Here, we have reviewed some of the important clinical trials in early-stage Hodgkin's lymphoma and focus on some of the recent trials emphasizing reduced intensity treatment in early-stage Hodgkin's lymphoma.
Introduction
Hodgkin's lymphoma was first described by Thomas Hodgkin in the 1830s in a manuscript titled "Some Morbid Appearances of the Absorbent Glands and Spleen". While it was once considered an incurable and fatal disease it is now one of the most curable malignancies. The efficacy of treatment has improved considerably in the last three decades. The possibility of curing patients with Hodgkin's lymphoma was first presented by Dr Vera Peters from Canada at the International Congress of Radiology meeting in Mexico City. Her data suggested a cure rate of 60% in patients with localized disease with a median survival of 8-11 years in patients with early-stage Hodgkin's lymphoma. Subsequent studies using linear accelerators in laparotomy-staged patients treated with extensive subtotal nodal radiation therapy showed 10 year relapse-free survival as high as 70%-80% for laparotomy-proven early-stage Hodgkin's lymphoma. 1, 2 However, the treatment was associated with an increased risk of heart disease, pulmonary toxicity, and secondary malignancies. Later, combined modality therapy with chemotherapy and radiation therapy was used which avoided staging laparotomy and splenectomy.
Decreasing the field size and dose of radiation therapy reduced the risk of secondary malignancies and other organ damage. Initially chemotherapy was given after radiation and showed lower relapse rates. Later, radiation therapy was added as an adjuvant therapy to initial chemotherapy. Patients treated with combined modality therapy had better freedom from treatment failure but there was generally no difference in overall survival (Table 1) . Currently, clinical trials are focusing on using the least amount of chemotherapy and radiation therapy possible without compromising cure rates. Recent studies have shown that chemotherapy alone could achieve excellent complete response rates. The results of interim positron emission tomography (PET) scans after two cycles of chemotherapy are being examined to see whether minimizing therapy in rapidly-responding patients will still maintain excellent cure rates. [3] [4] [5] Early-stage Hodgkin's lymphoma which includes patients with Ann Arbor stages I or II, accounts for more than 50% of all cases of the illness. On the basis of clinical staging and risk factors, patients are divided into early favorable stage I and II without risk factors and early unfavorable stage I/II with risk factors. Risk factors differentiating between favorable and unfavorable categories vary among different American and European cooperative groups and include the presence of systemic symptoms (unexplained fevers .38°C, drenching night sweats or weight loss .10% of body weight), a large mediastinal mass, bulky disease, high erythrocyte sedimentation rate $50, an increase in the number of nodal sites involved, and older age. 6 Treatment regimens are frequently different for favorable and unfavorable presentations.
Here, we review some of the important clinical trials in early-stage Hodgkin's lymphoma and focus on some of the recent trials emphasizing reduced intensity treatment in selected early-stage patients.
Radiation therapy as the primary treatment
For decades, radiation therapy was the standard treatment for early-stage Hodgkin's lymphoma. Extended field radiation therapy was the standard treatment in pathologically staged patients which included staging laparotomy and splenectomy. Although it was possible to achieve good results with radiation therapy alone, the relapse rates were as high as 20%-30%. Extended field radiation therapy was found to be associated with an increased risk of secondary malignancies and cardiac disease. In trials (see Table 2 ) done using mantle irradiation alone, the 10-year relapse-free survival rates were about 70%. The studies which compared extended field radiotherapy (EFRT) to involved field radiotherapy (IFRT) found no difference in cure rates or overall survival. [7] [8] [9] The EORTC H8F trial showed that combined modality therapy using few cycles of chemotherapy with involved field radiation therapy resulted in better outcomes compared to 
Combined modality therapy
Since relapse rates were higher than desirable after treatment with radiation therapy alone, and radiation was associated with long-term side effects, clinical trials have focused on combined modality therapy using abbreviated chemotherapy with reduced radiation fields ( Table 2 ). In the EORTC H7 trial, patients with clinically staged IA or IIA disease with favorable risk factors were randomized to EBVP (epirubicin, bleomycin, vinblastine, prednisone) plus IFRT vs subtotal lymphoid irradiation. At 6 years, the relapse-free survival was significantly better in patients allocated to chemotherapy plus IFRT compared to subtotal lymphoid irradiation (92% vs 81%, P , 0.004) and there was no difference in overall survival. 13 Bonadonna et al conducted a study comparing doxorubicin, bleomycin, vinblastine, and dacarbazine (ABVD) plus subtotal nodal irradiation vs IFRT in early-stage Hodgkin's lymphoma. They found no statistically significant difference between these two groups in terms of overall survival, complete remission rates, and freedom from progression rates after 12 years of follow-up. 7 The German Hodgkin Study Group (GHSG) HD7 trial compared extended-field radiotherapy alone with two cycles of ABVD followed by extended field radiation therapy in patients with early-stage favorable Hodgkin's lymphoma.
After 87 months of follow-up they reported that combined modality treatment consisting of two cycles of ABVD plus EFRT was more effective than EFRT alone with regard to freedom from treatment failure but there was no difference in complete response rate and overall survival. 14 Similarly, the EORTC-GELA H8 trial showed that in patients with stage I or II Hodgkin's lymphoma with favorable prognostic features (H8-F trial), chemotherapy using mechlorethamine, vincristine, procarbazine, prednisone (MOPP)-ABV with IFRT had a higher 5-year event-free survival rate compared to chemotherapy with EFRT (98% vs 74%, P , 0.001). The 10-year survival rate was 97% vs 92% for patients allocated to MOPP-ABV plus IFRT versus MOPP-ABV alone, respectively (P , 0.001). 8 The recent EORTC/GELA H9 F trial for patients with favorable Hodgkin's lymphoma evaluated six cycles of epirubicin, bleomycin, vinblastine, and prednisone (EBVP) followed by IFRT of either 36 or 20 Gy. The 4-year eventfree survival rates were 88% and 85% for patients allocated to EBVP plus IFRT of 36 Gy versus EBVP plus IFRT of 20 Gy, respectively. The chemotherapy-alone arm with six cycles of EBVP with no radiation was closed early because of an excessive relapse rate. 13 A study by Engert et al 10 in patients with early-stage Hodgkin's lymphoma with favorable risk factors, found that treatment with two cycles of ABVD and 20 Gy radiation therapy showed similar freedom from treatment failure and overall survival compared to four cycles of ABVD and 30 Gy radiation therapy, with less acute toxicity. In patients with early-stage Hodgkin's lymphoma with unfavorable features, four cycles of ABVD + 20 Gy of IFRT was inferior to four cycles of ABVD + 30 Gy. 15 Another study conducted by the German Hodgkin Study Group HD8 showed that in patients with early-stage Hodgkin's lymphoma with unfavorable features, IFRT was equally effective in terms of overall survival and freedom from treatment failure and less toxic compared with EFRT after four cycles of chemotherapy cyclophosphamide, vincristine, procarbazine, and prednisone/doxorubicin, bleomycin, vinblastine, and dacarbazine (COPP+ ABVD). 16
Chemotherapy alone for early-stage Hodgkin's lymphoma
In the 1970s, physicians in Uganda treated early-stage Hodgkin's lymphoma patients with chemotherapy alone, since radiation therapy facilities were unavailable to them, and found surprisingly high response rates. 16, 17 A study conducted by Biti et al comparing MOPP with EFRT in stage I-IIA patients did not show any statistically significant difference in terms of overall survival or any other outcome at 5-year follow-up (Table 3 ). 18 An 8-year follow-up in the same study showed that the patients allocated to radiation therapy had significantly longer survival compared to the chemotherapy group (93% vs 56%, P , 0.001) but the freedom from progression and the relapse-free survival rates were similar (76% vs 64% and 70% vs 71%, respectively). Longo et al reported that MOPP chemotherapy was at least as effective as radiation therapy in the treatment of patients with early-stage Hodgkin's lymphoma. In patients with B symptoms, one to three sites of disease, normal erythrocyte sedimentation rate, and stage II disease, there was no significant difference between MOPP and radiation therapy. However, in patients with massive mediastinal disease, stage IIIA disease, elevated erythrocyte sedimentation rate, or four or more sites of disease, chemotherapy was superior to radiation therapy. 19 At the 25-year follow-up, disease-free survival and overall survival was 87% vs 63% and 81% vs 63% in the chemotherapy arm compared to the radiation arm, respectively. 20 Straus et al described the results of a single-institution randomized trial of ABVD plus radiation therapy vs ABVD alone in patients with early-stage non-bulky Hodgkin's lymphoma, in which the 5-year survival was not significantly different (97% vs 90%, respectively) between the two arms. 21 This study also included patients with stage IIIA disease.
A study conducted by National Cancer Institute of Canada Clinical Trials Group (NCIC CTG) and the Eastern Cooperative Oncology Group in patients with early-stage Hodgkin's lymphoma compared ABVD chemotherapy to subtotal nodal radiation in patients with favorable risk features. The study included 399 evaluable patients. Patients were randomized to four to six cycles of ABVD or to treatment that included radiation therapy. There was no difference in overall survival but the 5-year freedom from disease progression was superior in patients randomized to radiation therapy compared to chemotherapy alone (93% vs 87%, respectively, P = 0.006). 22 At a median follow-up of about 4 years, patients randomized to chemotherapy alone had eight secondary cancers or cardiovascular events compared to 18 in patients randomized to radiation treatment arm.
A retrospective long-term follow-up study conducted by Olcese et al showed that the addition of radiotherapy to chemotherapy did not improve outcome of early-stage Hodgkin's lymphoma. 23 The overall survival was 95% vs 82% (P = 0.47) in patients who received chemotherapy alone vs chemotherapy with radiotherapy, respectively. There was no increase in the incidence of second tumors in patients treated with chemotherapy alone whereas four secondary cancers were diagnosed in patients allocated to the combination therapy arm (5%, P = 0.09). 23 Recently Canellos et al have reported that in patients with early-stage non-bulky Hodgkin's lymphoma, chemotherapy alone with ABVD could achieve 100% complete response rates and overall survival at 5 years. 24 A study published by Laskar et al compared chemotherapy alone (ABVD) with chemotherapy with consolidation radiation (mainly IFRT). The 8-year event-free survival (EFS) was 76% vs 88% (P = 0.01) and overall survival was 89% vs 100% (P = 0.002). The study showed an overall survival benefit in patients allocated to the radiation arm who had B symptoms, advanced stage, and who were less than 15 years of age. 48 Most of the trials comparing chemotherapy alone to either combined modality therapy or radiotherapy alone did not have adequate power. Half of the trials have used MOPP chemotherapy which has been shown to be inferior to ABVD and/ or EFRT, which is no longer used. Nearly all of the studies were not adequately powered to detect a survival advantage and the long-term follow-up is not yet available. There are developing guidelines for selecting patients for treatment with chemotherapy alone. The National Comprehensive Cancer Network (NCCN) 25 guidelines used by many of the US oncologists recommend that for those patients who have asymptomatic, non-bulky, early-stage Hodgkin's lymphoma, physicians should prescribe ABVD alone (category 2B) or use a combined modality approach (category 1) consisting of either ABVD or the Stanford VERSUS chemotherapy regimen (mechlorethamine, doxorubicin, etoposide, vincristine, vinblastine, bleomycin) with IFRT.
Long-term toxicity of chemotherapy and radiation therapy
Treatment-related complications from radiation therapy have been reported in multiple studies (Table 4 ). They range from mild symptoms like dry mouth and dental caries to dangerous complications such as secondary malignancies, cardiac toxicity, and stroke. Breast cancer incidence is particularly high in women treated younger than 30 years of age, with an incidence of 30%-40% in the 25 years after the treatment. 26, 27 Mediastinal irradiation is known to cause cardiac disease. Cardiac complications of radiation continue to increase even after 20 years. The risk has been reported to be 6% at 10 years and 10%-20% at 20 years. 28 The incidence of aortic valvular disease increases after 20 years compared to 10 years after radiation therapy. 29 Cardiac toxicity could manifest as coronary heart disease, valvular heart disease, myocardial injury, restrictive cardiomyopathy (mostly associated with diastolic dysfunction), 30 pericardial fibrosis, and conduction defects. With newer radiation techniques using reduced volume and dosing, systolic function seems to be better preserved. 31, 32 Hodgson et al have shown that by changing the radiation treatment from 35 Gy mantle field to 35 Gy involved field, the excess relative risks for breast and lung cancer can Notes: a Risk was measured in standardized incidence ratios (SiR); b RR of lung cancer only; c RR of breast cancer only; d risk was dependent on the number of chemotherapy cycles and radiation dose and field; e incidence was in percentage (4 out of 400 patients). Abbreviations: ABvD, doxorubicin, belomycin, vinblastine, and dacarbazine; MOPP, mechlorethamine, vincristine, procarbazine, and prednisone; RR, relative risk. be reduced by 65%. Changing the dose from 35 Gy IFRT to 20 Gy can reduce it by 40% more. 33 The risk of cardiac mortality is higher with higher doses of radiation and also higher with EFRT compared to involved-field radiotherapy. 34, 35 Patients who received more than 20 Gy of mediastinal therapy had an increased risk of CT-detected cardiac abnormalities. 36 Travis et al noted that the incidence of breast cancer was increased in patients who received more than 40 Gy. 27 Gustavsson et al 38 performed a systematic review of radiation therapy effects in patients with Hodgkin's lymphoma and included twelve randomized trials and two meta-analysis. He reported that after 15-20 years, the mortality from Hodgkin's lymphoma in early and intermediate stages is exceeded by other causes of death, mostly cardiac complications and secondary malignancies.
The frequency of late complications also depends on the type of treatment used. Using MOPP-like regimens the complications of infertility, myelodysplasia, acute leukemia, and lung cancer have been recognized. 39, 40 Alkylating agents are associated with an increased risk of acute myeloid leukemia and myelodysplasia. Doxorubicin has been associated with cardiac toxicity (ie, congestive heart failure) and the combination of radiation therapy and doxorubicin has an additive effect on cardiac toxicity. 41 A few of the studies have shown that there is no increase in the incidence of secondary malignancies in patients treated with ABVD alone although the follow-up was short. [42] [43] [44] Bleomycin has been associated with pulmonary toxicity and it was shown by Martin et al 45 and Canellos et al 46 that bleomycin pulmonary toxicity (BPT) was associated with decreased overall survival. BPT incidence was highest in patients older than 40 years and where granulocyte colony stimulating factor was used. 45 Martin et al also reported that the omission of bleomycin had no impact on achieving complete remission, progression free survival, or overall survival. 45 Bleomycin pulmonary toxicity occurs in 10%-15% of patients when the cumulative dose exceeds 200 mg/m 2 . For lower cumulative doses early pulmonary toxicity occurs in 5% of patients or less. The GHSG HD 13 trial will answer the question of whether bleomycin is an important component of the ABVD regimen. The interim analysis has shown that dacarbazine is an important component of ABVD. 47
Discussion
Early-stage Hodgkin's lymphoma is curable in a high proportion of patients. Long-term follow-up has shown that the mortality in favorable risk patients with early-stage Hodgkin's lymphoma is exceeded by other causes including secondary malignancies and cardiac disease. 6 At least in part to reduce these treatment related deaths, the treatment paradigm in Hodgkin's lymphoma has evolved from EFRT to combined modality therapy using IFRT to chemotherapy alone. The actual impact on long-term complications from using low dose and limited field radiation therapy is still awaited since we know that most of the secondary malignancies occur late (ie, more than 10 years after the treatment). Encouragingly, recently published data on involved-nodal radiation therapy (INRT) in limited-stage Hodgkin's lymphoma showed no increase in the risk of locoregional relapse compared to IFRT. 12 Clinical trials using chemotherapy alone in patients with favorable risk, early-stage Hodgkin's lymphoma have shown excellent response rates with no difference in the overall survival rates in most of the trials, but the follow-up is relatively short. [18] [19] [20] [21] [22] 42, 48 Currently, ongoing clinical trials are focusing on PETbased protocols for intensifying or de-intensifying treatment in patients with early-stage Hodgkin's lymphoma. Hutchings has shown that PET response after two or three cycles of chemotherapy to be an independent predictor of progression-free survival time and overall survival. 3 The CALGB trial 50604 is assessing for PET response after two cycles of ABVD. 49 Patients that are PET-negative receive four cycles of chemotherapy (ABVD) alone with no radiotherapy. Patients who are PET-positive receive additional BEACOPPesc (two cycles) followed by consolidative IFRT (30.6 Gy). The German HD16 (favorable stage I/II) is also focusing on PET response-guided radiotherapy. Patients on the first arm receive 30 Gy IFRT along with two cycles of ABVD regardless of PET response, while patients on the second arm receive IFRT only if PET-positive after two cycles of chemotherapy. 50 Similarly the H 10 EORTC/GELA study is enrolling patients with stage I/II disease to ABVD 3-4 cycles and 30Gy INRT (involved node RT) vs PET-guided therapy. 4 In the PET-guided arm, patients who are PET-negative receive an additional 1-2 courses of ABVD alone while patients who are PET-positive receive BEACOPPesc for two cycles and 30Gy INRT. 51 A Phase III multicenter, open randomized trial (RAPID) conducted by NCRI Radiotherapy and Lymphoma Study Group is assessing the role of FDG-PET imaging in the treatment of early-stage Hodgkin's lymphoma. 5 Patients who are PET-negative will be randomized to receive either IFRT or no further treatment. Individuals who are PET-positive will receive a fourth cycle of ABVD followed by IFRT.
A recently published Cochrane-based meta-analysis showed a hazard ratio of 0. 40 combined modality therapy compared to chemotherapy alone. 52 Complete response rates were similar in both the groups. However, this meta-analysis also included patients with advanced stage and with B symptoms. The optimal treatment for patients with early-stage Hodgkin's lymphoma with either favorable or unfavorable characteristics is still not clear. Interpretation of recent studies is complicated by the fact that the cure rate is known in the first 5-10 years, but the mortality for treatment-related complications continues to increase for more than 20 years, particularly for patients who receive radiation. However, the use of reduced treatment intensity in rapidly responding, good prognosis patients offers the possibility to still achieve high cure rates with less long-term toxicity.
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